I. INTRODUCTION
The motion of an electron in a classical electromagnetic field is well understood on the basis of quantum field theory. If radiative corrections are ignored then the solut:lon is that given by Feynman in his "theory of positions." If S-matrix theory is to be acceptable as the fundamental form of quantum theory, replacing theories based on microscopic space-time assumptions, then it must be able to reproduce this important result.
This result follows, in fact, quite easily from S-matrix principles. Indeed, the derivation isirivial. Nonetheless it seems worthwhile to set it down explicitly. For,in the first place, it had not been generally recognized, even by S-matrix theorists, that the ... where"
isreal. That is, the eXpectation value of A (x) in the state op~ is the real field A (x) defined in (2.4).
The problem of computing the motion of a particle in an external field is, from the S-matrix point of view, the problem of computing the matrix element where ~. and ~f represent the initial. and final states of the . ~ particle. We shall consider the specific casein which this particle is a sPin-~ particle; - 
..
For example, if T is
The demand of invariance under proper Lorentz transformations and space reflections requires that S
where a is some vector of the prob~em and b is a pseudovector. • These same two forms (3.l1a) and (3.l1b) with qJ.! in place of if
give no contribution to (3.8) because of the identity
[Here we have assumed that ttl i = m f = m;, so that
The insertion of (3.9a) into (3.8) gives
where M is defined in (3.5b). The insertion of (3.9b) into (3.8)
IJ.
gives (for
where M is defined by (3.6b). The derivation of (3.l3b)' is given
The insertion of (3.lla) into (3.8) gives where ~ is defined by (3.7b). However, it is shown in Appendix A that (3.l3c) is a linear combination of (3.l2a) and (3.l3b), on mass 
IJ.
VIJ.
(3. 14 )
then the photon-fermion vertex function (<?n..;mass-shell) is
This is a 2-by-2 matrix in the spin space of the fermion. Replacing the suppressed arguments one has
where
We also define
This function V(q; Pi,Pf) represents the connected part of the . S matrix for photon-fermion scattering, on mass shell. (Some of the momenta must be complex if the mass-shell and conservation-law constraints are both satisfied. S-matrix theory is characterized by the use of functions in unphysical regions in which the momenta are complex, but still satisf'y the mass-shell and conservation-law constraints.)
The minus sign in from of q in r of (~.18) arises from the fact that q is minus the momentum-energy of the incident photon, which means that if A~(x) is the incident photon field then -q is the appropriate argument of (3.17). The -i in (3.18) is conventional; i t makes our e the same as the usual charge on the electron.
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IV. SCATTERING OF AN ELECTRON IN AN EXTERNAL FIELD •
The calculation is carried out in the approximation where radiative corrections are igriored. That is, only the contributions corresponding to tree graphs are included. A, typical tree graph is shown in Fig. 1 . 
The pole-f'actorization theorem gives only the residues of' the poles. Thus it does not determine the function completely: An arbitrary entire f'unction can be added to (4.1) without disturbing the residues. One simple way to add an entire function would be to augment the V's by entire functions that vanish on the mass shell.
In the S-matrix or dispersion approach 'the ambiguity regarding the entire function is to be resolved by conditions on the asymptotic behavior of' the functions. In this example one sees clearly how asymptotic conditions become, in ef'f'ect, conditiortSl.:"dri',the of'f'-massshell part of' the vertex functions V. Thus the asympiotic conditions play in S-matrix theory a role similar to that played by the choice of' the interaction in f'ield theory.
A fundamental dif'f'erence between S-matrix theory and f'ield theory lies in the approach to the problem of' determining the asymptotic behaviors. In f'ield theory one imposes microscopic space-time conditions, which have asymptotic implication in momentum space. In S-matrix theory one examines the problem directly in momentum space, and tries to satisfy the conditions imposed by unitarity, and general analyticity requirements: No a priori conditions are imposed on the microscopic space-time structure--the asymptotic behavior is not presumed to be generated by any particular form, or even by any conceivable f'orm, of' local interaction.
•
The problem of determining the correct asymptotic behavior is a very deep and fundamental one; which lies far outside the scope of this note. But in regard to asymptotic behavior the minimal coupling has a preferred status: it .is linear in the momenta, whereas all·other polynomial couplings are at least cubic. The a priori recommendation of the minimal coupling. in S-matrix theory is thus essentially the same as in field theory: in terms of powers of the momenta it is the simplest possible coupling--it gives the gentlest possible asymptotic behavior, within the poiynomial framework.
To obtain the contribution of M( To obtain the full scattering, without radiative corrections, one must sum over all the tree ~iagrams. This gives
where Sn for n. > 0 is given by ,the obvious generalization of (4.3), The important differences between field theory and S-matrix theory lie at a deeper level. S-matrix theory is more general in that it does not require the asymptotic behavior to correspond to simple . microscopic space-time conditions, and it takes as its basic equations not a set of ad hoc differential: equations in space and time, but rather the unitarity equations, and the discontinuity equations that follow from them. These equations 8,re expressed in terms of the mass-shell scattering functions and their analytic continuations, and seem to be much more' secure than the differential equations. The greater generality of the S-matrix formulation must, however, be restricted by imposing asymptotic conditions in moment"t.Un space.
According to the tlbootstraptl idea of S-matrix theory the asymptotic properties are closely liriked to the analyticity and unitarity f properties that hold in the finite part of momentum-energy space: the asymptotic properties cannot simply be specified by ad hoc conditions, requirements. This idea has great aesth~tic appeal. It is not yet known how successful it will be. ·In the meantime the general rule is to use the simplest asymptotic properties that seem to be compatible with analyticity, uriitarity, and experiment.
-16-UCRL-20211 APPENDIX A 0 THE PAULI TERM The aim here is to derive (3013b) from (3.8) and (3.9b).
Insertion of (3.9b) into (3.8) gives
where the antisymmetry of the box product is used.
identities?
Insertion of the
... coupling constants are, of' course, constants.
To show that (3.l3C) is a linear combination of' (3.l3a) and (3.l3b) write (with m now normalized to unity)
Then write (using q2 = 0, which implies 2 Q = 1), 2a·b.,b·a a'a, 
(A.12)
The calculations have been given because the two-component formalism is not well known: they are prototype.· calculations. 8. This is a very slight extension of the result of Appendix F of 
